Agricultural areas with shallow water tables usually rely on upward soil water flux to supply crop evapotranspiration (ETc). The study objective was to determine optimum water table levels for coarse-textured soils cultivated with potato (Solanum tuberosum L.) by estimating the upward soil water flux under different irrigation methods. Potato was grown under seepage, subirrigation with tile drainage, subsurface drip irrigation (SDI), and sprinkler irrigation. Irrigation zones were classified as sandy soil with low soil organic matter (SOM) and high bulk density (B d ), or loamy sand soil with high SOM and low B d . Upward soil water flux supplied enough water to the root zone to meet ETc when the water table was at the 69-cm depth for loamy sand soils under seepage, and 42 and 45 cm for sandy soils under subirrigation and SDI, respectively. The sprinkler-irrigated area had no control over the water table, whereby the cumulative contribution of upward water flux still averaged 6.3 cm, suggesting that irrigation rates could be reduced if the water table is controlled and upward flux accounted for in the crop water balance. Rainfall introduces flooding risks and crop losses, but these risks are minimized with management. The water table elevation/precipitation ratio was 34.4 and 25.6 cm cm −1 of rain for loamy sand and sandy soils. After precipitation, the water table returned to the original levels twice as fast under subirrigation than with other methods given improved drainage capacity. Soil characteristics, irrigation method, upward water flux, and proper water table management are important factors for maintaining ideal soil moisture conditions in the crop root zone, minimizing flooding risk.
The concept of soil water flux has been described and used worldwide for optimizing water management in agriculture (Russell and Ewel, 1985; Allison et al., 1994; Saxton and Rawls, 2006; Vanderleest et al., 2016) . The soil water flux into the soil profile is driven by gravity, capillarity, and soil porosity, which is particularly important for agricultural areas with a shallow water table and for irrigation methods that control the water table to supply the crop evapotranspiration (ETc) (Ayars et al., 2006) . In general, these agricultural areas require specific irrigation and drainage management to maximize crop growth by maintaining adequate soil moisture conditions in the root zone while minimizing environmental impacts, risk of crop failure by waterlogging, and irrigation water consumption.
Most potato agricultural areas in Florida are classified as coarse-textured soils with a shallow water table. These areas are primarily irrigated via seepage (Way, 2007) . Seepage irrigation consists of pumping fresh groundwater into furrows between plant rows for soil water infiltration, raising the water table enough to ensure soil water flux up to the root zone by capillary rise (Dukes et al., 2010) . However, seepage is very inefficient and requires large volumes of groundwater to raise the water table (Arora et al., 2013) . Alternative irrigation methods with greater potential for water conservation have been gradually replacing the seepage method. Alternative irrigation methods include subirrigation with tile drainage along with subsurface drip irrigation (SDI) for water table control, and sprinkler irrigation for water application from the surface. These irrigation methods have been implemented, particularly in Florida, through governmental cost-share programs (St. Johns River Water Management District, 2018) . Alternative irrigation methods and their ability to increase water use efficiency compared with seepage have been previously reported. For example, the performance of subirrigation and SDI under sandy soils provides better control of the water table than seepage. Further, those systems have a more uniform rise of the water table level in response to irrigation events (Campbell et al., 1978; Smajstrla et al., 2000) . Regarding sprinkler irrigation, this method has been shown to have a greater water use efficiency (>85%) (Dukes and Perry, 2006) than seepage irrigation (20-50%) (Simonne et al., 2004) . For example, Liao et al. (2016) reported a reduction of 55% in the volume of water required by sprinkler irrigation compared with seepage in southwest Florida potato fields.
High-value crops like potato require an intensive management of irrigation to maintain ideal soil moisture conditions in the root zone. Excess water in the root zone can reduce potato root development and yield (Ferreira et al., 2017) due to anoxic conditions, while dry soil conditions result in plant water stress and yield reduction. In areas with a high water table, the relationship between the water table level and soil moisture content in the upper soil layer has already been established to properly irrigate the crop (Reyes-Cabrera et al., 2016) . A more complete approach would consider not only the soil hydraulic properties but also the crop water requirements. For example, a correlation between the water table level and upward soil water flux allows the determination of the optimum water table level for irrigation when the upward soil water flux is replaced by the ETc. Therefore, using the Buckingham-Darcy approach, the contributions of the upward soil water flux to ETc can be estimated for irrigation scheduling (Vanderleest et al., 2016) . Nevertheless, the Buckingham-Darcy approach requires the unsaturated hydraulic conductivity functions from the van Genuchten equation (van Genuchten, 1980) and the soil water potential (Allison, 1988) .
Precise control of the upward soil water flux within a soil's unsaturated zone is the main challenge in agricultural areas with shallow water tables. Rainfall events must also be accounted for in a crop water balance and water table management to avoid unnecessary irrigation and water-saturated conditions. Sato et al. (2009) stated that even small volumes of rain could quickly raise the water table to levels that may be unfavorable for crop development. For example, reported a rise in the water table of 24 and 26 cm with rainfall events of 0.8 and 1.4 cm, respectively. Groundwater recharge methods are commonly used to estimate recharge in deep aquifers; those methods allow researchers to estimate the water table elevation generated during heavy rainfall events and uniquely associate recharge episodes with water input (Allocca et al., 2015; Tashie et al., 2016) . In particular, the episodic master recession (EMR) method is one among several groundwater recharge methods that have been used for different purposes. The EMR method uniquely associates recharge episodes with the period of water input. By identifying rainfall events separately, the accuracy of this method is increased compared with others. However, EMR has not previously been used for irrigation management. Our hypothesis is that the EMR method can provide information to guide irrigation scheduling, resulting in water conservation in agricultural areas with shallow water tables.
Thus, the objectives of this study were to determine the optimum water table level for coarse-textured soils cultivated with potato by estimating the upward flux of soil water and to evaluate the EMR method as a tool for estimation of the water table level fluctuation in response to rainfall events under seepage, subirrigation with tile drainage, subsurface drip irrigation, and sprinkler irrigation methods.
Material and Methods
The study was conducted at the University of Florida, Institute of Food and Agricultural Sciences, Hastings Agricultural Extension Center located in Hastings, FL (29.7167° N, 81 .5083° W) during the potato seasons of 2015 and 2016. The cultivated area of the research farm is 20.2 ha, with its soil classified predominantly as a sandy, siliceous, hyperthermic Arenic Ochraqualf belonging to the Ellzey series and covering 62% of the area; Placid fine sand and Holopaw fine sand series cover the other 25 and 13% of the area, respectively (Soil Survey Staff, 2017) . All areas of the research farm are characterized by very poor drainage caused by a shallow impermeable soil horizon at about 3.0 m below the land surface.
The study site was separated into three zones based on the location of irrigation methods (Fig. 1) . Zone 1 was located in the northern part of the research farm, with 6.0 ha of seepage irrigation. In addition, Zone 1 was considered a new agricultural area since cultivation practices started in spring 2013. Zone 2, with 7.2 ha, comprised subirrigation with tile drainage and subsurface drip irrigation (SDI), with 3.7 and 3.5 ha, respectively. Finally, located at the southern part of the farm with 2.3 ha, Zone 3 was sprinkler irrigated. Zones 2 and 3 have been cultivated for >80 yr.
Rainfall, air temperature, solar radiation, wind speed, and relative humidity were measured every 15 min and aggregated to hourly data during the two studied years using a weather station (UT30, Campbell Scientific) onsite from the Florida Automated Weather Network (FAWN, http://fawn.ifas.ufl. edu/). Daily reference evapotranspiration (ETo) was calculated using the Penman-Montieth equation, while daily ETc was calculated by multiplying the ETo by the potato crop coefficient (K c ) (Allen et al., 1998) . Potato crop development was divided into sprout development, vegetative growth, tuber bulking, and maturity (Miller et al., 2008) , and the K c value used to calculate the ETc was 0.5 for the vegetative growth stage and 1.15 for tuber bulking and maturity (Allen et al., 1998) . According to the Köppen climate classification, the study site is in a Cfa (humid subtropical climate) region, which has high temperatures, with precipitation during summers and dry periods during the winter (Köppen, 1931) .
Hydraulic Soil Characterization
Soil hydraulic characterization was performed before harvesting the potato crop on 3 May 2016. Soil samples were collected to measure the soil hydraulic properties of Zones 1, 2, and 3. Four random locations in each zone were selected and trenches opened to collect soil samples (see Fig. 2 for locations). Undisturbed soil cores (5.0-cm diameter by 5.0-cm height) were horizontally collected in-row at the 15-, 30-, and 45-cm soil depths for each location, with eight replications per depth, totaling 96 soil cores sampled per zone. Soil water retention curves (SWRCs) were determined by using an adaptation of the evaporation method (Schindler and Müller, 2006 ) (see the Supplemental Material for a detailed description). Field capacity (FC) and the permanent wilting point were assumed at −6 and −1500 kPa, respectively, for all samples. In addition, dry soil bulk density (B d ), soil organic matter (SOM), and the particle size distribution, using the Bouyoucos hydrometer method (Bouyoucos, 1962) , were determined.
Potato Season and Irrigation Methods
Potato was grown using four irrigation methods: seepage (Zone 1), subirrigation (Zone 2), SDI (Zone 2), and sprinkler (Zone 3). The planted area of each irrigation method comprised two beds 18 m wide (16 potato rows) separated by water furrows. The length of the potato rows was 138 m long under seepage irrigation, 160 m under subirrigation and SDI, and 76 m under sprinkler irrigation.
Under seepage irrigation (Zone 1), water was applied through water furrows separating each potato bed. Water furrows were 50 cm deep in the soil and 1 m wide ( Fig. 2A) . During irrigation events, water applied to the water furrows permeated downward into the soil profile and created a perched water table where water was supplied to the root zone by capillarity. Water furrows were also used to drain excess water from large rain events to an open ditch (Fig. 1) . The open ditch was located next to the field and used a water control structure to manage the water table level.
The subirrigation (Zone 2) was comprised of buried lateral corrugated polyethylene perforated pipes (15-cm diameter), also called "tile drainage." Tile drainage tubes were installed at 0.9 m of depth in the north-south direction along the field every 7.5 m (Fig. 2B) . Irrigation water flowed into the system through the tile drainage pipes, and water was discharged by gravity. A water structure located on the southwest end of the bed controlled the water table level.
The SDI (Zone 2) consisted of the application of water below the soil surface by microirrigation with the objective of raising the water table. Buried drip tapes spaced every 6 m were installed in the field at the 45-cm soil depth (Fig. 2C) . The drip tape (Chapin drip tape Deluxe, Jain Irrigation) had a wall thickness of 0.038 cm, with emitters spaced every 41 cm. The SDI system had a flow rate of 0.91 L h −1 per emitter or 223 L h −1 per 100 m under 69 kPa of pressure. Irrigation water was applied through the drip tape, while water drainage from rainfall events occurred via water furrows similar to seepage irrigation.
The fourth irrigation method consisted of a linear traveling irrigation machine (Zimmatic, Lindsay Corporation) with a total of 38 sprinklers installed in the main line every 2.25 m. The entire system had a flow rate of 79,494 L h −1 under 145 kPa of pressure. For the sprinkler irrigation (Zone 3), water application rates were adjusted to supply crop water demand according to ETc, precipitation, and soil water content status. Water furrows were installed in the sprinkler irrigation area to drain excess water from rain to avoid flooding.
'Atlantic' potato seed pieces were planted on 29 January for both years, 2015 and 2016. Seed pieces were planted in-row at a spacing of 20 cm with 1 m between rows for all irrigation methods. The planting date was assigned as zero days after planting (DAP), with potato tuber harvest ranging from 96 to 99 DAP in both years. Irrigation water application was performed according to soil water content status, in which the volumetric water content (VWC) was maintained between 0.11 and 0.16 cm 3 cm −3 . The total volume of water applied by irrigation was manually recorded by water meters (Model DLJ 150) installed in the water inlets of each irrigation method. Readings of total irrigated water were taken at the beginning and end of both seasons.
Soil Water Content and Water Table Monitoring
Soil VWC was recorded during the entire potato season starting on 38 and 39 DAP in 2015 and 2016, respectively. The VWC was recorded using time domain reflectometry (TDR) sensors (CS650 Soil Water Content Reflectometer, Campbell Scientific). The TDR sensors were installed in the center of a bed in each irrigation method. Probes were installed horizontally in the soil profile at 15, 30, 45, and 60 cm below the soil surface. The VWC data were recorded every 15 min using a CR1000 datalogger (Campbell Scientific) via channel relay multiplexers (AM16/32B multiplexer, Campbell Scientific).
Water table level monitoring throughout the potato seasons was performed using pressure transducers (Levelogger Model 3001, Solinst Canada) installed in observation wells of 5-cm internal diameter and 1.5 m deep into the soil profile. Four pressure transducers were installed for each irrigation method at 12 DAP for both potato seasons, 2015 and 2016. Pressure transducers were installed equidistantly on a diagonal arrangement from northeast to southwest direction ( Fig. 1 ). Water table level data was collected every 15 min. Manual measurements of the water table depth were also taken during both seasons to ensure the accuracy of pressure transducer measurements.
Soil Water Flux
Unsaturated soil water flux during both potato seasons was calculated for seepage (Zone 1), subirrigation (Zone 2), SDI (Zone 2), and sprinkler (Zone 3) using the Buckingham-Darcy equation:
where K is the unsaturated hydraulic conductivity (cm h −1 ), q is the actual soil volumetric water content (cm 3 cm −3 ) and ÑH is the total hydraulic head gradient (cm). The ÑH was calculated by dividing the total potential (cm, sum of matric [Y] and gravitational potential) between the depth of the TDR sensor and the water table by the thickness of the unsaturated soil layer (distance from the water table to the TDR sensor depth) (Fig. 3) , as described by Sato et al. (2012) . The value of Y was calculated based on the SWRC (Fig. 3) . The water table level was considered the reference level for the unsaturated water flux calculation (Fig. 3 ), while K(q) was determined for each depth (e.g., 15, 30, 45, and 60 cm below the soil surface) of seepage (Zone 1), subirrigation (Zone 2), SDI (Zone 2), and sprinkler (Zone 3) using the van Genuchten (1980) equations that relates K to q:
where K s is the saturated hydraulic conductivity (cm h −1 ), obtained from the Florida soil characterization (University of Florida, 2007) , S e is the relative saturation, and h is the pressure head (cm). An overview of the hydraulic parameters is given in Supplemental Table S1 .
Water Table Response to Rainfall Events
Water table fluctuation after rainfall events (WTF) was estimated using the EMR method for seepage (Zone 1), subirrigation (Zone 2), SDI (Zone 2), and sprinkler (Zone 3) in the 2015 and 2016 potato seasons. Hourly water table depth and cumulative hourly precipitation data were used as input for the EMR method. The EMR method characterizes the water table decline as a function of the water table level and then estimates the WTF as well as the length (days) of the WTF for each episode. The WTF ratio for each event is the total increase in water level (in cm) divided by the precipitation depth (in cm). In addition, the EMR also estimates the water table recharge/ precipitation ratio (RPR) by multiplying the WTF ratio during each episode by the specific yield.
The EMR method was calibrated through visual comparisons of model predictions to observed data. Calibrated soil parameters were the minimum duration of the interval between significant precipitation and the beginning of recessions (15 min), negligibility of precipitation criterion (0.5 cm), water table elevation criterion (5 cm), specific yield (0.2), and the lag time of the system (19 h). In particular, the specific yield of each zone was estimated by the Fig. 3 . Layout used to determine the thickness of the unsaturated soil layer (L), gravitational potential (Z), matric potential (Y), and total potential (H) used in the soil water flux calculation. Note: the water table level was considered the reference level and soil parameters for this location are followed by the number 1. Because the water table fluctuated during the evaluation period, L was determined by the difference between the water table depth from the soil surface and the depth of the soil moisture sensor (15 cm), which soil parameters are followed by the number 2. The value of Y 2 was calculated by applying the soil moisture for each depth in the soil water retention curve (SWRC). difference between the average soil saturation and field capacity. The estimated specific yield was 0.22 for Zone 1, 0.22 for Zone 2, and 0.25 for Zone 3; therefore, we opted to use 0.2 for all zones.
Statistical Analysis
Statistical analyses were performed using the software RStudio Version 1.0.136 (RStudio Team, 2016) to compare B d , SOM, and the soil particle size distribution among the research zones and soil depths. When the F value was significant, a multiple means comparison was performed using Tukey-Kramer at a p value of 0.05. The SWRC of each depth in the three zones was fit using the soil physical analysis package for RStudio (de Lima et al., 2016) .
The water table level and soil water flux data were fitted using a modified hyperbolic model of SigmaPlot Version 13.0 (Systat Software) for seepage (Zone 1), subirrigation (Zone 2), SDI (Zone 2), and sprinkler (Zone 3). The objective was to substitute the upward soil water flux by the ETc in the model and then to determine ideal water table levels for irrigation management on potato. Therefore, the data analysis ignored periods with rainfall when soil water saturation and downward soil water flux were predominant (Sato et al., 2012) . The water table level and water flux data from 3 to 5 d after precipitation were removed for all irrigated areas. Additionally, data from 2 d after irrigation events for sprinkler-irrigated areas were also removed from the analysis. Hence, systems were assumed to be drained to equilibrium (Wellings and Bell, 1982 ). The optimum water table level for potato growth was then estimated by substituting the upward soil water flux with ETc demand using the correlation hyperbolic model of water table level and upward soil water flux.
Outputs from the EMR method (e.g., WTF and RPR) were averaged from both potato crop seasons (2015 and 2016) and the standard error of the mean was calculated.
Results and Discussion

Soil Hydraulic Characterization of Experimental Zones
Statistical analysis identified significant effects for the interaction of zone and depth on B d (p < 0.001) and SOM (p = 0.003) and for the main effect of zone on the particle size distribution (sand: p = 0.047; silt: p = 0.001; and clay: p = not significant).
Soil B d in the upper soil layer (0-15 cm) was lower than in deeper soil layers (15-30 and 30-45 cm) for all zones (Table 1) , which might be associated with the intensive tillage and hilling practices performed during soil preparation (Ferreira et al., 2017) . Soil FC increased as B d increased. Deeper soil layers had higher FC than the upper soil layer (Fig. 4) . The only exception occurred in Zone 1, where there was a reduction of soil FC from the 15-to 30-to the 30-to 45-cm soil depths. This decrease of FC in deeper soil layers of Zone 1 suggests that the soil water holding capacity was also directly linked to the SOM content in different soil layers (Fidalski et al., 2010) . The SOM was higher for the 0-to 15-and 15-to 30-cm soil depth layers compared with the 30-to 45-cm soil depth layer in Zone 1 (Table 1) , which was the only significant difference measured for SOM among depths for all zones. Similar results were previous reported by Ferreira et al. (2017) in a study conducted at the same experimental site.
Zone 1 had higher soil FC than Zones 2 and 3 for all soil depths (Fig. 4) . Although Zone 1 had a lower B d for the 0-to 15-and 15-to 30-cm soil depths than Zones 2 and 3 (Table 1) , which should reduce the FC in Zone 1 , the SOM content was significantly higher in Zone 1 than in Zones 2 and 3 for all soil depths (Table 1 ). In addition, the soil of Zone 1 also had a significantly higher silt content than Zones 2 and 3 and was classified as a loamy sand texture, while the soils of Zones 2 and 3 were classified as sandy soils. Overall, Zone 1 had a higher water holding capacity than Zones 2 and 3 (Fig. 4) , which affected soil water fluxes and water table fluctuation in response to irrigation and rainfall events.
Site Irrigation and Weather
Rainfall and irrigation events had a direct impact on water table level fluctuation (see Supplemental Fig. S1 ). Water table level rises in response to rainfall varied according to rainfall amounts or the volume of water applied. Cumulative rainfall during the potato season (January-May) was 18.4 and 29.4 cm in 2015 and 2016, respectively, which was lower than the 30.8 cm averaged for the last 15 yr (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) in the same period (FAWN, 2017) . In 2015, cumulative rainfall was 4.5 cm less than the cumulative ETc, while the cumulative rainfall of 2016 was 3.9 cm higher than the cumulative ETc. In both seasons, rainfall distribution throughout the potato season was not uniform, thus irrigation water application was required to supply crop water demand. The potato crop was irrigated for 46 d in 2015 and 41 d in 2016. The total irrigation amounts per irrigation method were 29.5, 14.4, 12.5, and 9.6 cm in 2015 and 28.7, 19.4, 16.5, and 8.9 cm in 2016 for seepage (Zone 1), subirrigation and SDI (Zone 2), and sprinkler (Zone 3), respectively. Differences in the total water applied by each irrigation method were mostly related to water application efficiency, which is defined as the ratio of water available for crop use to the depth of water delivered to the field (Howell, 2003) . Water   Fig. 4 . Soil water retention curves, permanent wilting point (PWP), and field capacity (FC) for each zone of the research farm at the 15-, 30-, and 45-cm soil depths, with an average of the three depths, using the soil core samples collected on 3 May 2016; SDI is subsurface drip irrigation.
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application efficiency for each irrigation system was not measured in this study; however, it has been reported to be between 20 and 60% for seepage (Smajstrla et al., 1991) , between 60 and 80% for subirrigation, between 65 and 85% for SDI (Howell, 2003) , and between 70 and 90% for sprinkler irrigation (Dukes and Perry, 2006) .
A direct influence of water table level on the soil VWC was observed in the unsaturated zone profile. The upper soil depth layers (15-and 30-cm soil depths) had greater variation of VWC than deeper soil layers (45-and 60-cm soil depths), regardless of irrigation method (see Supplemental Fig. S2 ). In addition, TDR sensors installed at the 60-cm soil depth reported saturated conditions during the whole season in all irrigation methods both years. Overall, seepage irrigation (Zone 1) had a non-uniform water distribution across the potato field (e.g., furrows spaced every 18 m), and water table levels had a slow response to irrigation events, as reported by Smajstrla et al. (2000) . In contrast, subirrigation and SDI methods, both located in Zone 2, had a prompt rise of the water table in response to irrigation events (Fig. 5) . Subirrigation (Zone 2) also allowed additional drainage of water after rainfall events, resulting in lower variation of soil VWC than with the other methods. The sprinkler irrigation (Zone 3) had no control over the water table level; it was kept at the lowest level possible by completely lowering the boards of the water retention structures. The magnitude of ranges of VWC in the upper soil depth layers (15-and 30-cm soil depth) did not differ from each other among irrigation areas, but the 15-cm soil depth was drier than the 30-cm soil depth within each irrigation area (see Supplemental Fig. S2 ).
Prior to rain events, the water table control structures of all irrigation areas were lowered to allow the water table to recede so that field flooding could be avoided. Despite the practice, there were several large rainfall events in 2016 that caused larger rises in the water table level compared with 2015 for all irrigation methods. For example, a rainfall event of 2.4 cm at 58 DAP in 2016 raised the water table up to 9, 10, 7, and 7 cm below the soil surface for seepage, subirrigation, SDI, and sprinkler irrigation methods, respectively (see Supplemental Fig. S1) . The water table level rise in response to rainfall events affected the soil VWC in the potato root zone, and soil VWC for the 15 cm of soil ranged from 0.06 to 0.26 cm 3 cm −3 for seepage (Zone 1), from 0.08 to 0.23 cm 3 cm −3 for subirrigation (Zone 2), from 0.08 to 0.31 cm 3 cm −3 for SDI (Zone 2), and from 0.06 to 0.26 cm 3 cm −3 for sprinkler irrigation (Zone 3) in both seasons (see Supplemental Fig. S2 ).
Soil Water Flux in a Rain-Free Period
Soil hydraulic characterization and soil water monitoring during both potato seasons allowed quantification of soil water fluxes through the soil unsaturated zone. A rain-free period of 10 d during the potato maturation stage, between DAP 70 to 80, was selected to illustrate daily actual ETc, water table fluctuation in response to irrigation events, and upward soil water flux at the 15-cm soil depth (Fig. 6) . The upper soil layer (15-cm soil depth) was chosen because 80% of the potato root zone is located at this depth (Opena and Porter, 1999; Munoz-Arboleda et al., 2006) . During that period, the percentage of water table contribution via upward soil water flux to crop water demand was calculated considering the ETc for each irrigation method in Zones 1, 2, and 3. The cumulative upward soil water flux contribution to the total ETc was equivalent to 142, 51, 115, and 5% for seepage (Zone 1), subirrigation (Zone 2), SDI (Zone 2), and sprinkler irrigation (Zone 3), respectively. The daily range of upward soil water flux was between 91 and 142% for seepage (Zone 1), between 19 and 86% for subirrigation (Zone 2), between 23 and 247% for SDI (Zone 2), and no contribution to 37% for sprinkler irrigation (Zone 3).
In general, seepage (Zone 1) and SDI (Zone 2) maintained the water table at levels that provided enough upward soil water flux for plant uptake. However, there were situations when the upward soil water flux was higher than the ETc, which indicates that conventional irrigation scheduling methods, such as monitoring of soil moisture content, may result in overirrigation in shallow water table agricultural areas. Excesses of upward soil water flux, mainly under seepage (Zone 1), may lead to soil waterlogging and/or reduced soil aeration, which might negatively impact root development and tuber quality if conditions persist for >24 h (Ayars et al., 2006; Ferreira et al., 2017) . The number of days in which daily upward soil water flux was higher than ETc for all irrigation methods is shown in Table  2 . In 2015 and 2016, seepage irrigation in Zone 1 had 45 and 49 d, respectively, of upward soil water flux greater than the ETc. This was due to the greater capillary water movement of loamy sand soils (Zone 1) compared with sandy soils (Zones 2 and 3) (Saxton and Rawls, 2006) . Under subirrigation (Zone 2), the water table level was lower than under seepage (Zone 1); hence, upward soil water flux was slightly lower than ETc (Fig. 6) , which may have created a water deficit to plants in periods when ETc peaked. Water table levels maintained shallower than a 36-cm depth restricts the potato root development and negatively impacts tuber yield (Ferreira et al., 2017) . The number of days when upward soil water flux was greater than ETc ranged between 12 and 24 d for the subirrigation method (Table 2) . Finally, the water contribution from upward soil water flux to the ETc under sprinkler irrigation (Zone 3) was the lowest of the four areas. The number of days with upward soil water flux greater than the ETc was only 13 and 8 d in 2015 and 2016, respectively. These results were expected because the water table was not managed for that area and only overhead water irrigation application events were used to supply the crop water demand.
Water Table Level and Upward Soil Water Flux
There were significant correlations between the water table level and upward soil water flux for seepage (Zone 1), subirrigation (Zone 2), and SDI (Zone 2) but not for the sprinkler method (Zone 3). Seepage (Zone 1) had the highest upward soil water flux when all irrigation methods were at the same water table depth. Subirrigation (Zone 2) and SDI (Zone 2) had similar upward soil water flux for the same water table depth.
Soil hydraulic properties were key factors to be considered along with the irrigation method to properly manage irrigation.
The flow of water throughout soil pores is governed by the unsaturated hydraulic conductivity and hydraulic gradient, which is influenced by soil texture, SOM, and B d (Rawls et al., 1982) . Thus, the seepage irrigation area (Zone 1) with a lower proportion of sand soil particles (loamy sand soil texture), higher SOM content, and lower B d compared with the subirrigation and SDI areas (Zone 2, sandy texture) enhanced the capillary water movement and reduced the water table level required in this area to supply the water flux and satisfy ETc (Saxton and Rawls, 2006) . In general, the loamy sand soil texture could provide the same upward soil water flux to supply water to the crop with a deeper water table level than the sandy soil texture. 
Determining Water Table Level for Potato Irrigation
The optimum water table level for potato irrigation was determined for each stage of crop growth according to the ETc. For the vegetative growth stage with a K c of 0.5, the water table level required to supply the highest ETc of 0.21 cm d −1 for both years studied was 87, 50, and 52 cm below the soil surface for seepage (Zone 1), subirrigation (Zone 2), and SDI (Zone 2), respectively. However, most of the potato fertilization occurs in the early season, and shallow water table management in sandy soils has been associated with N loss (Zotarelli et al., 2015) . Thus, to avoid excessive soil moisture conditions caused by shallow water tables, the optimum water table level during the vegetative growth stage was linked to the average daily ETc (0.13 cm d −1 ). According to hyperbolic models (Fig. 7) , the water table level required to supply this average ETc was 95, 54, and 55 cm below the soil surface for seepage (Zone 1), subirrigation (Zone 2), and SDI (Zone 2), respectively.
During potato tuber bulking and tuber maturity, an adequate supply of water is required to avoid water stress and tuber yield reductions (Jefferies and MacKerron, 1993) . The K c for those growth stages was 1.15 and the average daily ETc was 0.38 cm d −1 . Hence, the water table at 69, 42, and 45 cm below the soil surface for seepage (Zone 1), subirrigation (Zone 2), and SDI (Zone 2), respectively, was required to supply the average ETc. However, to determine the range for optimum water table management, which are depths where the water table level should fluctuate, the maximum and minimum ETc for tuber bulking and tuber maturity were selected. The ETc varied between 0.19 and 0.51 cm d −1 , and to supply such crop water demand, the water table level should be managed between 61 and 87, 40 and 49, and 42 and 52 cm below the soil surface for seepage (Zone 1), subirrigation (Zone 2), and SDI (Zone 2), respectively. Those are similar to values reported by Smajstrla et al. (2000) , who recorded an average of 50 cm below the soil surface in a sandy soil texture. The correlation between water table level and upward soil water flux was not significant for the sprinkler method (Zone 3). This absence of a significant correlation under sprinkler irrigation was mainly caused by frequent irrigation events throughout crop development, which promoted a greater downward soil water flux compared with the other irrigation methods. The cumulative upward soil water flux from the water table was 6.2 and 6.4 cm, which corresponded to 27 and 25% of the actual ETc in 2015 and 2016, respectively, under sprinkler-irrigated areas. This indicates that the sprinkler irrigation method has potential to save irrigation water in shallow water table areas once the water table level is controlled. These contributions were similar to those previous reported by Abbas and Ranjan (2015) for a potato crop. The present study findings also corroborate that, in regions with shallow water tables, the contribution from the upward water flux can be managed as a secondary water source when the main irrigation water application method is sprinkler (Ayars et al., 2006; Vanderleest et al., 2016) . Therefore, the water control structures from field-surrounding ditches may be periodically adjusted to increase the upward soil water flux contribution during the crop season.
Water Table Management after Rainfall Events
Irrigation methods with slow drainage like seepage and SDI require that, prior to rainfall events, the water table level is reduced to its lowest level by lowering the board at water retention structures to avoid field flooding. After rainfall, irrigation is resumed if the rain does not raise the water table to irrigate the crop. Using the results from the EMR analysis and the National Weather Service's predicted rainfall totals, a grower could optimize the water table adjustment prior to rainfall so unnecessary water is not drained.
During the 2015 and 2016 potato seasons, the EMR method identified 17 distinct recharge episodes for seepage (Zone 1), SDI (Zone 2), and sprinkler (Zone 3), while subirrigation with tile drainage (Zone 2) had 15 recharge episodes. The difference in the number of episodes was related to the drainage capacity of the tile drainage in subirrigation (Zone 2), which did not result in an appreciable rise of the water table level when precipitation depths were <1 cm (Zone 2). Hence, the model did not recognize water table recharge episodes for those particular rainfall events under subirrigation (Zone 2). In general, after rainfall events subirrigation (Zone 2) returned the water table level to original conditions faster than the other irrigation methods.
Seepage (Zone 1) had a WTF ratio of 34.4; in other words, this would be an equivalent rise of the water table level of 34.4 cm after a rainfall of 1 cm. The higher WTF ratios under seepage drastically increases the chances of soil water saturation after rainfall events compared with subirrigation (Zone 2) and SDI (Zone 2), with WTF ratios of 24.4 and 26.5, respectively. Overall, small rainfall events could also lead to high water table elevations; however, large rainfall events required water table level recession to lower levels to avoid soil water saturation in the crop's root zone .
Rainfall intensity and the length of rainy periods are characteristics of recharge episodes that also affected the WTF ratio. For example, high precipitation rates and long periods of rain increased the elevation of the water table level in all irrigation methods except for subirrigation (Zone 2), in which the fast water drainage capacity of tile drainage kept long periods of rain from causing a high water table elevation compared with the other irrigation methods. A rainfall event of 3.5 cm at 55 DAP in 2016 elevated the water table to 15, 10, 9, and 10 cm below the soil surface for seepage (Zone 1), subirrigation (Zone 2), SDI (Zone 2), and sprinkler (Zone 3), respectively (Fig. 5) . Subirrigation (Zone 2) was the only system that returned the water table to original levels (before the rain event) in <48 h. During this period, the irrigation structure located in the water outlet of each irrigation method was completely open to allow maximum water drainage. Subirrigation (Zone 2) required 36 h to return the water table to the optimum water table range estimated for that location. Water table recession values after rainfall events were similar to data reported previously by Campbell et al. (1978) comparing seepage and subirrigation.
Overall, there were six rainfall events in 2015 and seven rainfall events in 2016 that raised the water table to levels above 20 cm below the soil surface in all irrigation methods. After those rainfall events, the average time required by each irrigation method to return the water table level to the optimum range was 69, 32, 50, and 50 h for seepage (Zone 1), subirrigation (Zone 2), SDI Table 2 . Minimum, average, and maximum, potato crop evapotranspiration (ETc) for the 2015 and 2016 spring seasons for northeast Florida and the number of days when upward soil water flux (q) was higher than the daily ETc for potato crop during 2015 and 2016 potato seasons for each irrigation method. Optimum water table level below the soil surface for the vegetative and tuber bulking growth stages of a potato crop were estimated for the irrigation methods within different zones. (Zone 2), and sprinkler (Zone 3), respectively. According to the EMR method, if the water table was managed at levels that provide optimum soil upward water flux to the crop root zone (e.g., 61, 40, and 42 cm below the soil surface for seepage, subirrigation, and SDI, respectively), then rainfall events of 2.0, 1.3, and 1.4 cm would probably create unfavorable saturated conditions for long periods in the seepage (Zone 1), subirrigation (Zone 2), and SDI (Zone 2), respectively. Therefore, proper management of the water table prior to rainfall events might be calculated using the EMR method, while agricultural fields with subirrigation methods should minimize potential crop loss from saturation in sandy loam soils compared with seepage and SDI. But still, there is a higher risk of saturation conditions for seepage and SDI methods in sandy soils compared with subirrigation. Nimmo et al. (2015) reported an average RPR of 0.30 for a silty loam soil texture, while Allocca et al. (2015) had RPR values averaging 0.75 in a loamy sand soil texture with low soil porosity. In the present study, the RPR values (Table 3) were higher than those found in the literature for all irrigated areas. A likely cause of this discrepancy, in addition to the coarse soil textures that increases the RPR, is the shallow impermeable layer at 1.5 to 3.0 m below the soil surface, a characteristic of Florida agricultural areas that creates the shallow unsaturated soil profile (St. Johns River Water Management District, 2018) . Furthermore, lateral water movements from agricultural areas next to the experimental field had already been reported at the study site (Mylavarapu et al., 2008) , which might also have influenced the RPR values reported in the present study. 
Study Implications
The appropriate irrigation scheduling should combine crop water demand according to crop growth stage, soil moisture status, and proper frequency of application (Dukes et al., 2010) , which is fairly easy achieve in pressurized systems (e.g., drip irrigation, sprinkler) compared with subirrigation or flooding irrigation. Research findings of this study consider the concept of an optimum water table level as a function of soil characteristics, water table fluctuation in response to rainfall events, and the evapotranspirative demand of the crop (ETc) to improve irrigation scheduling of agricultural areas with a shallow water table.
In general, coarse-textured soils with a shallow water table require a high volume of pumped water to control the water table level, such as in Florida potato production areas. However, alternative irrigation methods (e.g., subirrigation with tile drainage and SDI) are potential agricultural practices to reduce the water volume applied. Optimum water table management should account for soil hydraulic properties rather than irrigation method. Therefore, even with the site-specific data collection, results from this study were primarily related to soil hydraulic characteristics and soil properties, which allow these results to be extrapolated to other areas.
Sandy soil texture (e.g., >87% sand) and low SOM required a shallower optimal water table level range (e.g., 40-49 cm) because of lower soil unsaturated hydraulic conductivity than the loamy sand texture (e.g., 70-87% sand) (Saxton and Rawls, 2006) . In this study, the optimal water table level for seepage irrigation (Zone 1) agrees with the findings of Rens (2015) , who correlated water table level management to an increase in potato tuber yield. However, a high precipitation rate and slow drainage can increase the risk of flooding even when the water table is at optimum levels. Irrigation methods (e.g., SDI) that rely on water furrows for soil water drainage had faster water drainage in sandy soils (Zones 2 and 3) than loamy sand soils (Zone 1). The loamy sand soil (Zone 1) had the fastest increase in water table level after rainfall events and the slowest water drainage, thus seepage irrigation in a loamy sandy soil requires a deeper water table recession before rainfall events than seepage in a sandy soil. Subirrigation had the fastest water drainage capacity after rainfall events and might be an option for sandy soils since those soils require higher water table levels than loamy sand soil.
The concept of upward soil water flux and ideal water table level as a function of soil properties can reduce the excess of irrigation water applied, maintain ideal soil moisture in the root zone, and minimize damage caused by soil water saturation. The concept allows growers to monitor and manage the water table level with greater confidence and with comparable accuracy if they monitor soil moisture at the root zone using soil moisture sensors. The water table in a given field is easily monitored with observation wells with a simple float indicator, which can provide a rapid evaluation of shallow water table depth (Boman and Obreza, 2002) . Furthermore, appropriate recession of the water table level prior to rainfall events estimated by the groundwater recharge method (EMR) may reduce the volume of water required to raise the water table back to an optimal level for irrigation. For example, if a 2-cm rainfall event was predicted for the sandy soil area with subirrigation (Zone 2), there would be no need of a complete receding of the water table level; instead it should be lowered at least 48.6 cm below its current level. This recession would avoid flooding according to the EMR method and reduce the volume of irrigation water required to return the water table to the original level.
Conclusion
Soil parameters, such as B d , SOM, and the particle size distribution, are important measurements to describe the soil water dynamic for soils with a shallow water table, and water table management should prioritize those soil parameters. Sandy soils were characterized with higher B d than the loamy sand soil, which increased with depth for all sites studied. Soil texture and SOM affected the soil water holding capacity, and a higher VWC at FC was measured for the loamy sand soil with high SOM. Upward soil water flux at the 15-cm soil depth had a high correlation with the water table level, which supplied the ETc under seepage for a loamy sand soil texture and both subirrigation with tile drainage and SDI for a sandy soil texture. Optimum water table levels according to potato crop water demand were 69, 42, and 45 cm below the soil surface for seepage in a loamy sand soil and both subirrigation and SDI in a sandy soil, respectively. In spite of the fact that the water table was not controlled in the sprinkler area, which was located in a sandy soil, there was a direct contribution of upward soil water flux to the ETc on the order of 25 to 27% for both seasons. Therefore, sprinkler irrigation should account for the contribution of the upward soil water flux to the crop water demand in agricultural areas with a shallow water table.
Rainfall events were the main cause of soil water saturation in the potato root zone, and the EMR method accurately estimated water table level fluctuation in response to rainfall. Results indicated that there was no need for a complete recession of the water table level prior to rainfall events regardless of irrigation method. However, a higher water table elevation in response to rainfall events was observed for the loamy sand soil than the sandy soil, while subirrigation with tile drainage provided the fastest water drainage after rainfall events. The average water table fluctuation Table 3 . Average water table fluctuation/precipitation ratio (WTF), water table recharge/precipitation ratio (RPR), and episode length from the 2015 and 2016 potato seasons with standard error of the mean (SEM) estimated for the area of each irrigation method using the episodic master recession (EMR) method. VZJ | Advancing Critical Zone Science p. 14 of 15 rate after a rainfall event was 34.4, 24.3, 26.5, and 26 .1 under seepage, subirrigation, SDI, and sprinkler irrigation, respectively.
